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ABSTRACT 


The  objective  of  this  research  was  to  precare  some  strong  aciCs  for 
evaluation  by  Fort  selvoir  as  potential  fuel  cell  electrolytes.  ”ne  major 
acid,  other  than  phosphoric,  H^PO.,  currently  uncer  investigation  by  Fort 
Selvoir  as  a  fuel  cell  electrolyte  is  TF?*SA,  CF.SOjH'^O,  tri fl uoromethane- 
Sul*cnic  acia  .monohydrate  aqueous  solutions  and  sodium  salt  mixtures.  TF’fSA 
nas  seen  found  to  be  superior  to  H.PO^  from  tne  standpoint  of  electrode 
x'netics,  but  certain  undesirable  character! sti cs  (volatility;  wetting  of 
”e*'lon)  led  to  this  searcn  for  a  -etter  fuel  cell  electrolyte. 

Tne  following  acids  nave  oeen  prepared: 

1.  "ethanedisul fonic  acid 

2.  idanesu?  fonic  acid 

3.  Etnane-l,2-disulfonic  acid 

i.  Prcoane-1 ,3-dl Sul fonic  acid 

5.  Procane-l,2,3-tnsul  *onic  acid 

6.  2-Chloro-l,l,2-tr1fluoroethanesulfonic  acid 

7.  1 ,2 ,2-*r1fluoroethane-l,l,2-tri sulfonic  acid 

3.  1, 1,2,3, 3, 3-Hexafluoropropanesul fonic  ac’d 

9.  2- FI uoroetnanesulfonic  acid 

10.  2.2.2-Tri-l uoroethanesul fonic  ac^d 

11.  2.2.3.3-"etrafluoropropanesui *onic  ac’d 


iTRODUC 


imorovements  in  rUPC.,  *ue1  cell  performance  ever  the  last  decade  nave 


seen  due  principally  to  engineering  refinements.  The  ultinate  performance 
will  depend  to  a  certain  degree  upon  the  fuel  cell  electrolyte  and  recent 
studies  have  indicated  t'-at  TFVSA  monohydrate.  CF,S0,H*H20,  is  *a r  Superior 


#roc  tne  standpoint  of  electrode  kinetics 


he  present  research 


is  concerned  witn  electrolyte  improvement. 

The  properties  desired  for  the  ideal  *uel  cell  electrolyte  based  on 


revious  studies  are 


it  must  be  a  moderately  strong,  highly  v.ater-solut le  acid, 
it  must  be  thermally  staple  and  rcn-volatile  under  fuel  cell 
operating  conditions. 

It  must  be  non-oxidizing. 

It  must  be  oon-rydrolyzable. 

Its  solutions  must  be  highly  concucti ve. 

It  must  be  non-conrosi ve  toward  cell  and  electrode  materials 


literature  search  indicated  several  prcbaole  organic  acid  electro 


lytes,  with  their  methods  of  preparation. 

3»-r1ck  (1.  2)  and  Co*fman  (3)  preoared  CHF,CF,SO«rl  in  a  5-1  yield  *rom 

b  4  J 

tetrafl uoroethylene  by  the  addition  of  sodium,  sulfite  using  benzoyl  oerox'de 


as  a  catalyst.  The  taction  was  earned  out  in  an  autocenecus  oressure  at 


e  '■’uoroalkanesul'oric  aci :  >.?s  pererj-ed  etn~  fe  sod'u 


2 


Kasnar.  et  al .  (4)  prepared  CF ,CFHCF-S03h,  C2H7CFHCF2SO3H  and 
C5MiiCFHCF,S03*  in  good  yields  from  the  fluoroolefins  and  soaium  hydrogen 
sulfi  te  and  oorax. 

-aszeldine  (5)  using  sodium  bisulfite  and  borax,  prepared  CFCljCFjCFHCFjSO^rf 
and  other  cnlorofl ucroalkanesul fonic  acids. 

Another  method  *or  the  preparation  of  fluoroalkanesul fonic  acids  was 
reported  by  Haszeldine  and  Kidd  (6),  wno  oxidized  (CF^S^Hg  with  35  hydrogen 
peroxide  at  135°C. 

’ne  end  product  of  the  oxidation  of  -ercaotans,  sul fides,  dis-lfices, 
s-lfores,  etc.,  is  a  sulfonic  acid.  Cxidation  by  potassium  permanganate  (7), 
c-romic  annydride  (7),  bromine  water  (5),  hydrogen  peroxide  (??,  nitric 
acid  {10),  and  aixalis  (11)  are  reported. 

•(any  nalogeo  co~counds  react  with  sodium,  potassium  or  ammonium  sul¬ 
fites  to  give  high  yields  of  sulfonic  acid  salts  (12,  13,  14),  i.e.,  alkyla¬ 
tion  of  alkali  sulfites  (Strecker). 

The  *irst  -ethoo  that  we  selected  *or  evaluation  was  iaszeldine's 
•etrod.  tne  addition  of  sodium  oydrogen  sulfite  to  alkenes  in  tne  presence 
o#  oorax,  oetause  a  variety  of  fl-orinated  alkenes  *ere  available  comner- 
cally  .3Cn).*  This  procedure  reauired  the  use  of  a  Farr  pressure  reaction 
vessel  and  »e  scon  encountered  difficulties  witn  'esks  and  corrosion.  Other 
disadvantages  to  tnis  procedure  were  the  low  y<e'ds  due  to  the  number  o* 
byproducts  for-ed.  Fcr  example,  4  CF 2*CFC1  ♦  4  'JaHSOj  -  HCF2CFClS03‘;a  * 
.-CF;CjO>'.a  *  ■iCrClCF,iO-:.a  *  HCFCICOONa  -  2  S02  ‘  4  Hf. 

"he  di 'lucroacetic  acid  der'vat’ve  aoparertly  results  from  tne  lability 
p*'  tne  fluorine  atoms  which  are  removed  from  fe  -carbon  at:*  oy  hydrolysis, 

Fesearc"  C'»ricals.  >c.,  Gainesville,  rlorida. 
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F  F  F  0  F  0 

H20  f  '  :  ’ 

i  .e. :  H-C-C-SOjNA -  iH-C-C-SOy'ia  —  H-C-C-Clia  *  SO-,  -  2KF. 

Cl  F  ”  Cl  “  Cl 

"ne  second  -ethod  evaluated  was  Strecker's  method  involving  the  reac¬ 
tions  of  alkyl  halides  with  alkali  sulfites,  l.e.: 

SX  ♦  \a,30, -  RS03:;a  ♦  :.ax 

Using  tnis  procedure,  methane  disulfonic  acid,  eti'inesul fonic  add, 
ethane  1,2-disulfonlc  acid,  propane  1,3-disulfcnic  acid,  propane  1,2,3- 
trisulfonic  acid  and  1,2,2-tri fluoroethane  1,1,2-trisulfonic  acid  were 
prepared. 

2,2,2-Trifluoroethanesulfonic  acid  was  prepared  Ov  the  nitric  acid 
oxi cation  of  2,C,2-tri fluoroethyl  tniocyanate.  The  latter  was  ootained 
from  2,2,2-trifluoroethanol  Ov  converting  it  into  mesylate  according  to 
Crossland  and  Servis  (15)  which  was  then  reacted  with  sodium  thiocyanate 
according  to  Crossland,  wells  and  Shiner  (16)  to  yield  the  corresponding 
thiocyarate.  «e  found  that  the  nitric  add  oxidation  of  the  crude  thio¬ 
cyanate  compound  gave  2,2,2-tri fluoroethanesul fonic  acid  of  hign  purity, 
out  tre  overall  yield  was  only  20  . 

C-Cl uoroethanesulfcnic  acid,  2,2,2-tn  fluorpethanesul fonic  acid  and 
C.C,3,3-tetrafluoroprcpanesul fonic  acid  were  prepared  ty  the  introduction 
of  Sulfur  into  the  partially  fluorinated  alkyl  alcohols  with  sufcseo-ert 
oxidation  to  the  respective  sulfonic  adds.  This  was  accomplished  0y 
'•“acting  tne  p-toluenesul fonates  of  tne  partially  fluorinated  alcohols 
2-#'uoroetnanol ,  2,2,2-trifluoroethanol  ano  2,2,3,3-tetrafluoropropanol 
with  tne  sodium  salt  of  benzyl  or  t-butyl  ne'-captan  to  y<e!d  tre  corres¬ 
ponding  benzyl  or  t-tutyl  partially  fluorinate:  alxyl  sulf^pes.  These 
sulfides  were  then  subjected  to  oxidative  chlorination  to  give  the  ccr’-es- 
oondng  partially  flucrinated  alkanesul 'onyl  Chlorides  whic"  ..ere  subse- 


quently  nydrolyzed  with  water  to  the  partially  fluonnatea  alkanesulfonic 
acids.  Of  the  tv(o  possiole  routes,  fat  utilizing  the  benzyl  -nercaotan 
proved  to  oe  *nore  efficient  and  gave  higner  yij'ri* 


Preparation 


arvaH.-  Fluorinated  Alkyl  Methanesulfonates 


In  a  2-1 i ter  three-necked  flask  equipped  with  a  mechanical  stirrer, 
dropping  *unnel ,  thermometer  and  reflux  condenser  fitted  with  a  drying  tube 
*er?  placed  1  liter  of  methylene  chloride,  1  mole  of  the  appropriate  alconol 
and  1.14  mole  {115  g)  of  triethylamlne.  the  latter  was  previously  refluxed 
0ve"  Phtha : i c  annydride,  distilled,  and  redistilled,  from  potassium  hydroxid 
pellets.  The  flask  was  placed  In  a  cooling  bath  and  1.10  -\>le  (126  g)  of 
redistilled  methanesul fcnyl  chloride  was  added  at  0-!0°C  over  a  period  of 
one  hour.  The  stirring  was  continued  for  an  additional  15  minutes.  The 
reaction  mixture  was  then  wasred  twice  with  3CC  ml  alicuots  of  ice  water, 
cold  10  hydrochloric  acid,  saturated  sodlur  bicarbonate  solution,  and  brine 
After  drying  ove-  anhydrous  magnesium  sulfate,  tne  solvent  was  evaporated 
arc  t"e  residue  vacuum  distilled.  *e  following  comoounds  were  prepared  by 
this  method: 


2,2,2-Tri'luorpethyl  methanesul fonate,  yield  90’,  b.c.  97-9?°/35 
(lit.  [15?  37-99°C  35  nn).  The  nrr  soectmir  {C0,CCC0,}  shewed 
a  singlet  at  3.24  ?or  (3H)  and  a  quartet  at  4.75  per  (2H.  J_  c  « 
8.4-t)  Figure  1 . 

,l,l,3,3,3-nexafluoro-2-propy1  methanesul  fonate,  yield  37.,  p.b. 
156-157°C  [lit.  (15)  156-158°C).  The  nrr  spectrum  CO-CCCD-' 
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snowed  a  singlet  at  3.35  pom  (3H)  and  a  septet  at  5.73  ppm 
\1H,  J  •  5.7  Hz)  Figure  2. 

n  ,p 

3.  2,2,3,3-Tetrafluoropropyl  methanesul fonate,  yield  31.,  C.p. 

117-113°C/i3  mm.  The  *H  nmr  spectrum  showed  a  singlet  at  3.15  ppm 

(3H),  -etnine  proton  at  6.05  ppm  (1H),  split  triplet.  ',1  _  •  53  Hz, 

n,r  gem 

JH,F  vie  "  ’  and  Photons  at  4.60  ppm  (2H,  triplet, 

Jh  p*  13  Hz)  Figure  3. 

Reparation  of  Paryally  Fluorinated  AHyl  p-Tpluenesulfonates 

♦  CHjC^h^SOjC  1  ■  CHjtgH^S020Rp 

A  mixture  of  1  mole  of  the  appropriate  alcohol,  1.1  mole  (175  g)  of 
o-toluene  sulfonyl  chloride  and  350  ml  of  water  »as  heated  to  50°C,  and  a 
solution  of  1.1  mole  (44  g)  of  sodium  hydroxide  in  170  ml  cf  water  was  added 
with  stirring  at  a  rate  Such  that  the  temperature  of  the  reaction  mixture 
was  *ect  Pelow  60°C.  The  stirring  was  continued  until  the  solution  Oecane 
neutral,  ’he  reaction  mixture  was  cooled  anc  tne  tosylate  extracted  with 
etn-r.  The  ethereal  extract  was  washed  twice  with  concentrated  ammonia  and 
twice  with  water,  and  dried  over  annydrous  sodium  sul'ate.  The  solvent  was 
removed .  ar.d  tne  residue  vacuum  distilled.  The  Allowing  compounds  were 
prepared  ty  this  netnod. 

1.  2*Fluoroethyl  p-toluenesulfonate.  yield  55' ,  b.p.  143-146°C/1.2  nm 
(lit.  (17)  D.p.  133.5-140cC/l  -n).  >e  lH  rmr  spectrum  'CO^COCD,) 
snowed  aromatic  protons  at  7.61  pom  (4M,  duartet,  C  •  8  uz) , 
ethylene  protons  at  5.01,  4.57  and  4.13  ppm  in,  multisets',  end 
-'ethyl  protons  at  2.45  ppr  (3H,  singlet'  C<cure  4. 
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2.  2.2,2-Trifluoroethyl  bromide,  yield  79%  b.p.  25.5-26cC’  (1  it.  (19) 
b.p.  26. 3°C) . 

3.  2,2,3,3-Tetrafluorooropyl  bromide,  yield  35'..  b.p.  68-6?°C.  The 
lH  nmr  spectrum  (COjCOCOj)  Shewed  the  methine  proton  at  5.16  pon 
(IN,  split  triplet,  p  cer,  *  53  Hz,  ?  ,r .  9  4  Hz!  and  methylene 
protons  at  3.78  ppm  (2H.  triplet.  J  -  ■  15  Hz)  figure  7. 

n  • . 

Reaction  of  °artial%  fluorlnated  Alkyl  Halides  with  Sodium  Sulfite 

S,3r  *  Na,SG,  ■■  RfS0y>a 

A.  In  -ater 

A  solution  or'  20  5  (0.16  mole)  o*  sodium  sulfite  in  100  ml  c *  water 
*<as  placed  in  a  three-necxec  flask  fitted  with  mechanical  stirrer,  efficient 
reflux  condenser  and  dropping  funnel.  0.15  mole  0 *  the  halide  was  added 
slowly  with  starring  over  a  period  of  two  nours  at  acout  50-6C°C.  The 
reaction  mixture  was  rwMuxed  ge"tly  with  stirring  *or  48  hours.  After 
cooling,  tne  urreacted  nalide  (If  present)  was  separated,  the  acueous  layer 
evaporated  to  dryness,  and  the  residue  extracted  with  hot  ethanol.  Evapora¬ 
tion  of  etnanol  gave  tne  crude  sodium  salt  of  the  corresponding  sulfonic  acid. 

3.  In  50  Ethanol 

a  mixture  of  7  g  (0.05  mole)  of  sodium  Sulf*te,  30  ml  of  50  ethanol 
and  0.05  mole  of  the  halide  was  refluxed  with  stirring  for  43  hours.  It 
was  cooled.  Mitered,  the  filtrate  evaporated  to  dryness,  ard  the  solid 
res‘due  worked  up  as  apove. 

C.  In  %rr  Pressure  Reactor 

a  solution  0'  AO  g  v0.32  mole-  0*  sodium  sulMte  dissolved  in  200  ml 
<aten  and  0.30  mole  cf  tne  halide  were  placed  in  a  liter  sa"  pressure 


'•eactor,  ana  slowly  neated  with  stirring.  Usually  at  aoout  90°C  an  exo¬ 
thermic  reaction  started  and  the  temperature  rose  to  aoout  125°C.  After 
the  exothermic  process  Subsided,  the  reactor  was  neated  at  100°C  for  12-16 


hours.  The  reaction  mixture  was  cooled,  the  unreacted  halide  (if  present) 


separated.  the  aqueous  solution  evaporated  to  dryness,  and  the  solid  residue 


orxed  up  as  aoove 


The  results  are  tabulated  in  Table  I.  The  approximate  yields  are  based 
on  the  amounts  of  crude  sulfonate  salts  isolated.  The  1r  spectra  of  all 


sal:  samples  snowed  distinct  absorption  at  1160  and  1060  cm  characteristic 


>e  salts  obtained  from  alkyl  Iodides  we-e  contaminated  with  sodium 


nto  Free  Acids 


Conversion  of  Martially  Fluorinated  Sodium  Al <anesul *onates 


A  13  aqueous  solution  of  the  sodium  alkane  Sulfonate  was  passed  through 


an  icn-excnange  column  packed  with  13-120  resin.  The  collected  aoueous 
solution  of  t*e  acid  was  evaporated,  and  tne  residue  vacuum  distilled. 


Using  th's  procedure  samples  of  the  following  acids  were  prepared 

1.  2-p,uoroethanesulfcric  ac;d,  yield  23'.  b.o.  15C-151°C/1.7  mm 


2.  2,2,3,3-Tetraf1uoroorooanesu1fonlc  acid,  yield  53  .  b 

3. A  mn,  neutralization  equivalent  191  (calcd.  196) 


edition  pf  Sodium  Hydrogen  Sulfite  to  Hexafluorcprcpere 


A  mixture  of  60  g  (0.5  mole)  of  sodium  hydrogen  sul*l:e.  27. a  »  of 
c^ax,  123  ml  of  water  and  0.8  3  0'  benzoyl  oerox'de  were  placed  in  a 
1  i te*"  Aar**  boro  reactor,  'me  reactor  was  cooled  in  a  dry  ice-acetore 


mixture  and  liquified  perfluoropropene  was  introduced  by  suction  into  the 
evacuates  bono.  The  contents  were  neateo  to  room  temperature  (25°C),  the 
pressure  measured.  ar.d  tne  neating  was  continued.  At  '0-75°C  an  exothermic 
reaction  started.  The  heating  was  continued  at  120°C  for  acout  12  hours, 
'he  reactor  contents  were  cooled  to  room  temperature,  the  ur.reacted  hexa- 


*luoropropene  liquified  and  weigned,  the  reaction  mixture  filtered,  evapor¬ 
ated  to  dryness,  and  the  resulting  salts  extracted  with  hot  absolute  ethanol 


90  g  (0.6  mole)  of  CF^CF 
G.S  g  of  benzoyl  peroxide 


Conversion 


0.8  :  of  benzoyl  peroxice 
Initial  Condition  T  «  25°C 


Conversion 


III.  90.0  g  (0.6  mole)  of  CFjCF  -  OF, 
O.S  g  of  benzoyl  peroxide 


Initial  Condition 

T  »  25°C 

P  • 

140  psi 

"aximum 

T  »  U0°C 

P  « 

250  psi 

Final 

T  -  25°C 

P  - 

130  psi 

Conversion 

21* 

Yield 

8.7  g  of 

sodium 

salt 

105  g  (0.7  mole) 

of  CF,CF  » 

CF2 

1.0  g  of  oenzoyl 

peroxide 

Initial  Condition 

T  «  25°C 

P  « 

140  psi 

Maximum 

7  -  120°C 

P  « 

34C  psi 

Final 

T  •  25°C 

P  « 

100  psi 

Conversion 

22* 

Yield  13.6  g  of  socijo  salt 


V.  79  S  (0.53  mole)  of  CFjCF  *  C?2 
2.0  g  of  benzoyl  peroxide 


Initial  Condition 

T  ■ 

25°C 

P  « 

160  psi 

S 

"axinum 

T  ■ 

125°C 

P  - 

230  psi 

Final 

T  « 

25°C 

P  « 

120  psi 

Convers ion 

28 

t 

Yield 

6.3 

g  of 

sodium 

salt 

» 


t 
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1.1.2,3.3.3-Hexafluoropropanesulfonic  Acid 

19.1  g  of  the  sodium  salt  from  trials  II  and  III  was  acidified  with  an 
excess  of  35.  sulfuric  acid.  The  solution  was  extracted  several  times  with 
ether.  The  ethereal  extracts  were  collected,  dried  over  anhydrous  sodium 
sulfate,  tne  ether  was  removed,  and  the  residue  vacuum  distilled  yielding 
10.3  g  of  a  slightly  yellow,  very  viscous  product  of  b.p.  102-103°C/1.2  mm. 
The  compound  was  redistilled,  the  fraction  boiling  at  110-112°C/2.7  nw  was 
collected.  The  product  (9.6  g)  was  a  colorless,  viscous,  and  nygroscopic 
liquid.  Neutral ization  equivalent  230  (calcd.  232}  *H  nmr  spectrum  (0^0) 
showed  two  multiplets  at  5.91  and  5.18  ppm.  Figure  8. 

Addition  of  Sodium  Hydrogen  Sulfite  to  Chlorotri fluoroethylene 

A  solution  of  100  g  (0.96  mole)  of  sodium  hycrogen  sulfite  in  200  ml 
of  distilled  water  buffered  to  pH  ■  5.4  with  borax,  and  1  g  of  ben?oyl 
peroxide  were  placed  in  a  1  liter  Parr  pressure  reactor.  The  reactor  was 
evacuated,  cooled  in  dry  ice-acetone  mixture,  and  98.5  g  (0.84  mole)  of 
llauifled  chlorotri fluoroethylene  was  introduced  by  suction.  The  contents 
were  reated  to  room  temperature  (Z5°C,  130  psi)  and  the  heating  was  con¬ 
tinued.  At  60-70°C  an  exothermic  reaction  started.  The  reaction  mixture 
was  heated  at  120cC  for  20  hours.  The  total  pressure  droc  at  this  tempera¬ 
ture  was  50  psi.  The  reaction  contents  were  cooled  to  room  temperature, 
the  unreacted  chlorotri fluoroethylene  liquifieo  (70.9  g,  28'  conversion), 
the  reaction  mixture  filtered  and  evaporated  to  dryness.  The  residue  was 
extracted  with  hot  absolute  ethanol.  Evaporation  of  the  ethanol  gave  39  g 
pf  crude  sodium  chlorotrifluorcethanesul'onate. 
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idification  of  Crude  Sodium  Chlorotrifluoroethanesulfona t e 


itn  35  .  Sulfuric  Ac^d 


The  crude  salt  from  crevlous  experiment  (39  g)  was  treated  with  200  ml 
of  35  sulfuric  acid  and  the  mixture  stirred  for  4  hour.  The  inorganic  salts 
were  filtered  off  and  the  filtrate  extracted  several  times  with  ether.  The 


ethereal  extract  was  dried  over  anhydrous  magnesium  sulfate,  the  solvent 
evaporated,  and  the  residue  vacuum  distilled.  Two  fractions  were  collected: 

1.  Fraction  b.p.  35-45°C/2.1  mm  (S.5  g,  17. 7  calculated  on  the  reacted 
chlorotrifluoroethylene)  was  found  to  be  cnlorotrifluoroethanesul- 
fonic  acid  ethyl  ester.  Saponification  equivalent  233  (cal cd.  226.5) 
nmr  spectrum  neat  showed  methyl  group  protons  at  1.30  ppm  (3H, 
triplet,  J  ■  6.S  Hz)  and  one  proton  at  5.43  pom  { 1H ,  split  doublet 


•n,F  gem  H ,F  vie 

Fraction  b.p.  1C4-1G6°C/1.5  mm  (11.2  g,  22.3'.)  found  to  be 
chlorotrifluoroethanesulfonic  acid  monohyorate.  The  compound  is  a 


colorless,  very  viscous,  hygroscopic  liquid,  neutralization  equiva 


lent  2 17  (calcd.  216.5)  lrt  nmr  soectrum  ;0,0 


showed  a  split 


z).  Figure  9 


doublet  at  6.67  ppm  (J 


-j drolysi s  of  Chlorotrifluoroethanesulfonic  Acid  Ithyl  Ester 


rour  grams  of  preceding  ethyl  ester  and  4  ml  of  water  were  refluxed 
for  one  hour.  The  water  was  evaporated,  and  the  residue  vacuum  distilled 
yielding  3  g  (78  )  of  chlorotr* 'luoroetnanesul foni c  acid,  b.p.  104-105°C/ 


n»  <r  soectrum  of  the  product  was  identical  with  that  o 


14 

Reaction  of  Chlorotri fl uoroethanesul  foni  c  Acid  With  Ethyl  Ether 

Three  grams  of  chlorotrifluoroethanesulfonic  acid,  20  ml  of  ethyl  ether 
and  10  g  of  annydrous  magnesium  sulfate  were  refluxed  with  stirring  for  12 
hours.  The  reaction  mixture  was  filtered,  etner  evaporated,  and  the  residue 
vacuum  distilled.  Two  fractions  were  collected: 

1.  b.p.  40-45°C/l.l  mn  (1.3  g)  -  identical  with  the  chlorofluoroethane- 
sulfonic  acid  ethyl  ester  described  above. 

2.  b.p.  ICO- 102°C/ 1 . 1  nm  (1.4  g /  -  unchanged  chlorotri fl uoroethane- 
sulfonic  acid. 

-reparation  of  2,2.2-Trlfluoroeth,yl  Thiocyanate 

A.  From  C.2.2-~riflucroethyl  ‘-'ethanesul fonate 
A  solution  of  145.3  g  (l.S  mole)  of  sodium  thiocyanate  in  35C  ml  of 
di methyl formanlde  was  brought  to  reflux  and  distilled  through  a  7  inch 
column  packed  with  helices  until  the  head  temperature  reached  152°C.  79.5  g 

(0.45  mole)  of  2.2,2-trlfluoroethyl  methanesul fonate  was  added  to  the  cooled 
solution.  The  reaction  mixture  was  very  slowly  distilled,  and  the  fraction 
polling  ?0-123°C  collected  over  a  period  of  2.5-3  hours.  The  distillate 
was  taken  up  in  300  ml  of  methylene  chloride,  washed  seven  times  with  100  ml 
aliduots  of  water  and  twice  with  brine,  and  dr’ed  over  anhydrous  magnesium 
sulfate.  The  solvent  was  evaporated  and  the  residue  vacuum  distilled.  The 

faction  boiling  55-70°C/30  mm  was  collected. 

1 

The  H  nmr  spectrum  showed  about  80S  content  of  the  thiocyanate 
duartet  at  3.45  pc>m,  ?  «  10  hz).  The  yield  o*  the  orocuct  corrected 

for  irourltles  was  31.1  g  (48  ).  Figure  10. 
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3.  From  2.2.2-Tri fluoroethyl  p-Toluenesul fonate 


In  a  similar  experiment,  76.2  g  (0.3  mole)  of  2.2,2-trifluoroetnyl 


p-toluenesul *onate,  97.2  g  (1.2  mole)  of  sodium  thiocyanate  and  200  ml  of 
-ethylene  chloride  yielded  19.1  g  (45")  of  the  thiocyanate,  b.p.  57-72°C/35  mm. 


Oxidation  of  2,2,2-Trlfluoroethy)  Thiocyanate  With  Nitric  Acid 

Concentrated  nitric  acid  182  ml  (2.77  mole)  was  placed  in  a  three-necked 
flask  supplied  with  mechanical  stirrer,  dropping  funnel,  thermometer,  reflux 
condenser  and  a  nitrogen  inlet  tube.  30  g  (0.21  mole)  of  2,2,2-trifluoro- 
etnyl  tr.iocyanate  was  added  very  slowly  (over  4  hours)  at  30-90°C.  Nitrogen 
was  continuously  bubbled  through  the  reaction  mixture  to  remove  the  nitrogen 
oxides  ‘oneo.  The  reaction  mixture  was  then  heated  at  90-95°C  (steam  bath) 
until  the  evolution  of  nitrogen  oxides  ceased  (about  12  hours).  It  was  then 
transferred  to  an  evaporating  dish  and  heated  on  a  steam  cath.  The  thick, 
oily  residue  was  transferred  into  a  distillation  flask  and  vacuum  distilled 
yielding  17.2  g  (50.)  of  2,2,2-tri fluoroethanesul fonic  acid.  The  product  is 
a  colorless,  hygroscopic  solid,  b.o.  108- 1 10°C/ 1 . 5  mm.  m.p.  50-51°C,  neutrali¬ 
zation  eouivalent  162  (calcd.  164). 

The  *H  nmr  spectrum  (DjO)  snowed  a  quartet  at  3.35  ppm,  V'H  p  *  10  Hz. 
Figure  11. 


t 


well  with  nitrogen  and  2*1.3  g  (0.20  mole)  of  Oenzyl  mercaptan  was  added 


.ihen  homogeneous,  the  warm  solution  was  treated  with  0.17  mole  of  the  par¬ 
tially  fiuorinated  alkyl  bromide  or  tosylate  at  sucn  a  rate  as  to  maintain 
tne  reaction  temperature  at  55-o5°C.  The  solution  turned  cloudy,  and  the 
Stirring  was  continued  until  the  temperature  dropped  to  about  30°C.  The 
reaction  mixture  was  quencned  In  250  ml  of  water,  the  product  extracted 
with  methylene  chloride,  the  organic  layer  wasned  with  dilute  sodium 
nydroxlde  and  water,  and  dried  over  annydrous  magnesium  sulfate.  The  solvent 
was  evaporated,  and  the  residue  vacuum  distilled. 


The  following  compounds  were  prepared: 

1.  Senzyl  2-fluoroethyl  sulfide  was  obtained  from  the  corresponding 
bromide  (yield  77',)  and  tosylate  (yield  76  ) .  b.p.  84-35°C/1.5  mm. 
The  nmr  spectrum  neat  showed  aromatic  protons  at  7.13  ppm  (5H, 
singlet),  benzyl  protons  at  3.60  ppm  (2H,  singlet)  and  ethylene 
protons  at  4.67,  3.90,  2.67  and  2.33  ppm  (4H,  triplets).  Figure  12 

2.  £enzyl  2,2.2-tri fluoroethyl  sul'lde  was  prepared  from  the  corres¬ 
ponding  tosylate  (yield  81'),  b.p.  45-46°C/0.20  mm.  The  *H  nmr 
spectrum  shewed  methylene  protons  at  2.63  pom  (2H,  Quartet,  JH>c  • 
10  Hz),  oenzyl  protens  at  3.51  por  (2H,  singlet),  and  aromatic 
protons  at  7.14  ppm  (5H,  singlet). 

3.  3enzy1  2,2,3.3-tetrafluoropropyl  sulfide  was  prepared  from  the 
corresponding  bromide  (yield  79  0  and  tosylate  (yield  75*)  b.p. 
69-7l°C/0.15  mm.  “he  nmr  spectrum  neat  snowed  methylene  protons 
at  2.72  Ppm  (2h,  triplet,  JH  -  •  16  nz).  benzyl  protons  at  3.67  ppm 
(2H.  singlet),  “ethine  proton  at  5.72  cor  (1H,  split  triplet. 


methylene  chloride,  drained,  and  cnilled  while  drying  over  anhydrous  mag¬ 
nesium  sulfate.  Methylene  chloride  was  removed,  and  tne  residue  distilled 
unoer  reduced  pressure. 

’he  following  compounds  were  prepared: 

1.  2-Fluoroethanesulfonyl  Chloride 

a.  From  oenzyl  2-fluoroethyl  sulfide,  tne  product  was  obtained 
as  a  mixture  with  benzyl  chloride,  b.p.  30-83°C/25  mm,  yield 
63j  (estimated  by  nmr  spectrum).  Figure  18. 

b.  From  tert-butyl  2-fluoroethyl  sulfide,  yield  56',  b.o.  76-78°C/ 
16  mm.  The  product  was  contaminated  with  unidentified  admix¬ 
tures  whicn  could  not  be  removed  by  fractional  distillation. 

1 

aH  nmr  spectrum  (neat)  showed  four  triplets  at  5.47,  4.67,  4.38 
and  3.98  ppm.  Figure  19. 

2.  2.2,2-Trifluoroetnanesul fonyl  Chloride 

a.  :r om  benzyl  2,2,2-trifluoroethyl  sulfide,  yield  57%  b.p. 
65-67°C/45  mm.  The  product  was  contaminated  with  a  small 
amount  of  benzyl  chloride.  Figure  20. 

b.  From  tert-butyl  2,2,2-*rifluoroethyl  sulfide,  yield  61',  b.p. 

57-60°C/4C  mm  (lit.  (15)  b.p.  64-67°C/45  mm).  The  product  was 

contaminated  by  unidentified  admixtures  wnich  could  not  be 

removed  by  fractional  distillation.  %  nnr  spectrum  (neat) 

snowed  a  quartet  at  4.37  ppm,  J,  _  «  9  Hz.  Figure  21. 

H,r 

3.  2.2,3.3-Tetraf!uo,-oprccanesulfonyl  Chloride 

a.  cr?m  berzyl  2,2, 3,3-tetrafluorcoropyl  sul'ide  the  product  was 
obtained  as  a  mixture  with  be«zyl  chloride,  b.p.  70- 75°C/ IS  mm. 
yield  63  (estimated  by  nmr  spectrum).  Figure  22. 


p.  From  tert-butyl  2,2,3,3-tetrafluoropropyl  sulfide  yield  47 


he  procuct  was  contaminated  with  uni  den 


tified  admixtures  wnicn  could  not  oe  removed  by  fractional 
distillation.  ‘‘H  nmr  spectrum  (neat)  snowed  a  sol  i  t  triplet 
at  5.97  ppm  (lw.  J  •  53  *Z.  f  ,  *  5  hz).  Figure 


riydrcl/sls  of  Partially  Fluorinated  Alkanesul fonyl  Chlorides 


t:  Sulfom;  Acids 


0.C5  -ole  of  the  sulfonyl  chloride  or  the  appropriate  amount  o*  the 


ny'  chloride  mixture  with  oenzyl  chloride,  and  20  ml  of  water  were 


refluxed  with  stirring  for  10  hours.  After  cooling  tne  solution  was  ex¬ 
tracted  twice  with  10  ml  aliquots  of  ether,  the  aqueous  layer  .-.as  evaporated 


e  residue  vacuum  distilled 


The  following  sulfonic  acids  were  prepared 
1.  2-Flusrcetnanesulfonic  acid,  yield  66 
neutralization  equivalent  127  (calcd. 


3?C)  showed  ethylene  protons  as  triplets  at  5.2 


2.2,--7rifluorcetHanesu!#onic  acid,  yield  33  ,  b.o.  30-33  C/0.1  nr 


-,0)  showed  methylene  protons  at  3.37  ppm  (2H,  quartet 


2,2,3,3-Tetrafluoroprccanesulfonic  add,  yeld  33  ,  b.o 


neutral ization  equivs 


spectrum  (0,0)  snowed  the  ~etdne  proton  at  5 


fi9»re  1.  The  r»r  spectn*  of  2.2  ,?-Tr  muoroethyi'^ethanesul  fonate 


3*0  2*0  l*o 

-Mexaf luoro-2-propyl  methanesul fonatc 


fluoroethyl  p-toluenesul fonate 


sul f  fde 


spectrum  of  if-Muoroethanesul  fonyl  chloride 


spectrum  of  2,2,2-Trifluoroethanesul fonyl  chloride  and  benzyl  chloride  mixture 


-Tetrafluoropropanesul fonyl 
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DISCUSSION 

This  project  was  undertaken  to  find  a  reasonable  method  for  the  synthesis 
of  low  molecular  weight  partially  fluorinated  alkanesul fonic  acids. 

According  to  the  literature  the  following  methods  looked  most  promising: 

I.  Addition  of  sodium  bisulfite  to  fluorinated  alkenes. 

II.  exchange  of  halogen  for  sulfonic  acid  group  in  partially 
fluorinated  alkyl  halides. 

III.  Introduction  of  sulfur  into  a  partially  fluorinated  alkyl 
moiety  with  subsequent  oxidation  to  a  sulfonic  acid. 

I.  Addition  of  lodium  Sulfite  to  Fluorinated  Alkenes 

Almost  all  of  the  fa'‘tia11y  fluorinated  alkanesulfonic  acids  described 
in  the  literature  were  obtained  by  the  addition  of  sodium  bisulfite  to 
fluoroolefins.  This  method  gave  good  results  especially  with  higher  olefins. 
The  general  procedure  consisted  of  reacting  an  aqueous  sodium  sulfite  solu¬ 
tion  with  a  fluoroolefin  with  or  without  a  catalyst  (benzoyl  peroxide)  under 
autogeneous  pressure  at  80°-210°C.  As  far  as  the  low  molecular  weight 
partially  fluorinated  alkanesulfonic  acids  were  concerned,  only  the  prepa¬ 
ration  of  tetrafluoroethanesul fonic  acid  and  hexafluoropropanesul fonic  acid 
were  described.  For  tetrafluoroethanesul fonic  acid,  Coffmann,  Raascr,  et  al. 

(2  },  specified  tne  following  reaction  conditions:  pH  6-7,  reaction  tempera¬ 
ture  12C°C  and  pressure  350  p$1. 

CF2-  Cf2  ♦  NaHS03  -  CHF2CF2S03Na 
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Kosnar,  Trott  and  La  Zerte  (4  ),  obtained  nexafluoropropanesulfonic  acid  in 
a  similar  way  out  they  did  not  specify  the  volume  of  the  vessel  and  tne 
reaction  pressure.  In  botn  cases,  the  reaction  mixture  was  evaporated  to 
dryness,  extracted  with  alcohol  to  obtain  the  alcohol-soluble  salts  of  the 
sulfonic  acids.  Tetrafluoroethanesulfonic  acid  was  liberated  with  35  sul¬ 
furic  acid  and  extracted  with  ether  and  then  vacuum  distilled.  Free  hexa- 
fluoropropanesulfonic  acid  was  obtained  by  treating  the  sodium  salt  with  95\ 
sulfuric  acid  in  sulfan  •  (SO^)  followed  by  vacuum  distillation  of  this 
mixture. 

CF3CF-CF2  ♦  NaHS03  -  CF3CHFCF2S03Na 

In  our  preliminary  experiments  in  the  preparation  of  hexafluorooropane- 
sulfonic  ac^d,  using  the  described  amounts  of  starting  materials  and  carrying 
out  tne  reaction  in  a  I  liter  Parr  reactor,  a  much  lower  conversion  of  hexa- 
fluorooropene  was  achieved.  The  best  results  were  obtained  when  an  excess 
of  hexafluoropropene  and  a  slightly  increased  amount  of  benzoyl  peroxide 
were  used.  However,  the  yields  and  the  conversion  described  by  Koshar,  Trott 
and  La  Zerte  were  never  reached. 

The  sodium  salt  of  hexafluoropropanesulfonic  acid  was  Isolated  from 
the  evaporated  reaction  mixture  by  extraction  with  alcohol,  but  it  was  found 
that  the  best  method  for  conversion  of  the  sodium  salt  into  the  free  acid  was 
not  by  treatment  with  95\  sulfuric  acid  and  sulfan  £  (S03)  but  rather  by 
treatment  with  35'  sulfuric  acid  and  subsequent  extraction  with  ether.  The 
best  conversion  obtained  was  22.5  ,  and  the  highest  overall  yield  was  11.8  , 
compared  to  84. 8:  conversion  and  63.8  overall  yield  given  by  the  authors. 

Cl FC-CF2  ♦  NaHSOj -  ClFCHCF2S03Na 
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To  evaluate  the  reaction  conditions  for  the  addition  of  sodium  hydrogen 
sulfite  tc  chlorotri fluoroethylene,  the  olefin  was  charged  in  botn  gaseous 
ano  liquified  forms.  The  reaction  was  carried  out  at  120°C,  1?0°C,  and  20C°C, 
with  and  witr.out  benzoyl  oeroxide  as  a  catalyst  at  pr  5.4,  e-7  and  7-7.5. 

"he  details  are  given  in  the  experimental  section.  The  best  **esults  were 
obtained  when  chlorotrifluoroethylene  was  charged  in  the  liquified  form, 
benzoyl  peroxide  was  used  as  a  catalyst,  the  reaction  temperature  was  120°C, 
and  the  pressure  was  240  psi.  The  conversion  of  the  crude  sodium  chlorotri- 
fluoroetnanesulfo^ate  was  28  and  the  yield  was  73.. 

To  convert  the  sodium  salt  of  chlorotrifluoroethanesulfcnic  acid  into 
tne  free  acid,  two  metnods  were  enployed:  acidification  by  35'  sulfuric 
acid  followed  by  extraction  with  ether  and  purification  by  a  vacuum  distilla¬ 
tion;  and  an  ion-exchange  method  in  which  a  5-101  aqueous  solution  of  the  salt 
was  passed  through  a  column  packed  with  Amberlite  IR-120  resin,  the  aqueous 
solution  of  the  acid  was  then  evaporated  and  vacuum  distilled.  The  pure 
acid  could  be  obtained  by  both  methods  but  acidification  with  35  sulfuric 
acid  was  chosen  principally  to  avoid  evaporation  of  large  amounts  of  water 
necessary  with  the  ion  exchange  method. 

Quite  unexpectedly,  when  the  ethereal  extract  of  chlorotri fluoroethane- 
sulfonlc  acid  was  worked  up,  the  vacuum  distillation  of  the  product  gave  two 
fractions:  boiling  at  35°-  45cC/2.1  mm.Hg.  and  at  104°-106°C/1.5  mm.Hg.  The 
high  boiling  fraction  was  the  chlorotri fluorethanesul fonlc  acid,  whereas  the 
low  polling  one  did  not  show  a  sulfonic  acid  signal  In  the  ir  spectrum  and 
its  nmr  spectrum  showed  the  presence  of  an  ethyl  group.  Indicating  that  it 
was  the  ethyl  ester  of  chlorotrifluoroethanesulfonic  acid.  This  compound 
when  refluxed  with  water  was  converted  quantitatively  into  chlorotrifluoro¬ 
ethanesulfonic  acid.  In  several  experiments  the  amount  of  ester  fraction 
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was  variate,  rare  of  it  forming  wnen  the  ethereal  extract  of  the  acid  was 
left  ovemignt  with  tne  drying  agent,  indicating  tnat  the  ester  might  have 
oeen  formed  in  the  reaction  of  chlorotrifluoroethanesulfonic  acid  with  etnyl 
etner.  In  fact,  wnen  refluxing  chlorotrifluoroethanesulfonic  acid  in  ether 
in  tne  presence  of  annyorous  magnesium  sulfate  'or  12  hours,  a  considerable 
amount  of  tne  etnyl  ester  was  formed. 

cifchcf2so3h  ♦  c2h5oc2h5 - cifchcf2oso2c2h5 

In  further  experiments,  the  addition  reactions  of  1.1-difluoroethylene, 
tri'luoroethylene  and  tetrafluoroetnylene  were  tried.  None  of  these  ole'ins 
could  oe  charged  into  the  reactor  in  the  liquified  form  because  of  very  low 
boiling  points.  They  were  therefore  charged  in  gaseous  form  at  ambient 
temperatures  and  tnen  the  pressure  reactor  was  neateo  to  12CcC.  The  highest 
pressure  (200  psi)  observed  by  this  procedure  was  obtained  when  using 
1,1-difluoroethylene. 

.  In  tne  instance  of  the  addition  of  tetrafluoroethylene,  sarrlck  (1  ), 

stresses  that  tne  reaction  should  be  carried  out  at  325-350  psi.  These 
reaction  products  were  not  the  expected  low  molecular  weight  alkanesulfonic 
I  acids. 

For  the  three  fluoroolefins  above,  the  free  acids  could  not  be  obtained 
from  tne  sodium  salt  by  acidification  with  35'.  sulfuric  acid  and  extraction 
with  ether.  Only  the  Ion-exchange  method  was  satisfactory.  The  compounds 
were  high  melting  ( 1 70°- 1 75°C )  solids,  not  very  soluble  In  water.  Attempts 
to  determine  tne  neutralization  equivalents  were  not  satisfactory. 

The  properties  of  tne  oroducts  indicated  that  a  more  complex  reaction 
|  q  must  have  occurred,  not  the  simple  addition;  the  compounds  were  probably 

'  ~|  polymers  rather  than  low  molecular  species,  and  their  structures  were  not 

determined. 


9 


50 

II .  Exchange  of  Halogen  for  Sulfonic  Group  in  Partially 

Fluorinated  Alkyl  Halloes  (Strecker's  Method) 

Tnis  method  is  very  popular  for  the  syntnesis  of  non-fluorineted  alkane* 
sulfonic  acids. 

In  our  preliminary  experiments,  sodium  methanedi sulfonate,  sodium 
etnanesul fonate.  ethane-1 ,2-disulfonic  acid,  propane-1 ,3-disulfonic  acid 
and  sodium  propane-1 ,2 ,3-trisul fonate  were  prepared  in  good  agreement  with 
tne  literature  data. 

Since  tne  halogen  atoms  In  perfluoro  and  partially  fluorlnated  alkyl 
halides  are  much  less  susceptible  to  exchange  than  in  their  non-fluorinated 
analogs.  Strecker's  method  was  chosen  for  evaluation  in  order  to  establish 
whether  at  least  some  of  tne  partially  fluorinated  alkanesul fonic  acids 
could  be  prepared  from  the  corresponding  halides. 

The  reactions  of  the  following  halides  were  Investigated:  2,2,2- 
trifluoroethyl  iodide;  2,2,2-trifluoroethyl  bromide;  2-fluoroethyl  bromide; 
2,2,3,3-tetrafluoropropyl  bromide;  and  2,2,3,3,3-pentafluoropropyl  Iodide. 
Since  only  2,2,2-trifluoroethyl  Iodide  and  2,2,3,3,3-pentafluoropropyl  iodide 
were  commercially  available,  the  other  compounds  were  prepared  from,  the 
corresponding  alcohols  via  their  p-toluenesulfonyl  derivatives.  One  of  the 
alcohols,  2-fluoroethanol  had  to  be  prepared  from  2-chloroethanol  by  the 
method  described  by  Hoffmann  (20).  This  synthesis  consisted  of  reacting 
2-chloroethanol  with  anhydrous  potassium  fluoride  In  a  mixture  of  ethylene 
glycol  and  diethylene  glycol  at  170°-  18C°C.  The  yield  of  2-fluoroethanol 
was  50*. 

The  tosylates  were  prepared  according  to  the  method  described  by  Tiers, 
Brown  and  Reid  (21),  for  2,2,2-trifluoroethyl  p-toluenesul fonate.  The 


The  first  was  Identical  with  that  used  for  the  synthesis  of  non- 
fluorinattd  alkanesul fonic  acids.  Sodium  sulfite  was  dissolved  in  water 
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and  tne  nalide  was  added  dropwise  at  about  5C°C  with  vigorous  stirring.  The 
reaction  mixture  was  then  refluxed  until  the  halide  layer  disappeared. 
Because  of  the  long  reaction  time,  the  losses  of  the  halides,  especially 
the  lower  boiling  ones,  were  unavoidable.  This  made  the  results  unreliable 
to  some  extent  and  difficult  to  compare. 


n  the  second  procedure,  50''  ethanol  was  used  as  a  reaction  medium  in 


sucn  amount  as  to  dissolve  the  halides  completely  and  the  sodium  sulfite 
was  only  partially  dissolved. 

Tne  third  procedure  consisted  of  carrying  out  the  reaction  in  a  Parr 
pressure  reactor  using  an  aqueous  solution  of  sodium  sulfite  and  introducing 
t  'e  ha’ 1 ies  by  suction  into  an  evacuated  reaction  vessel.  The  reaction 


temperature  was  10C°C 


Tne  results  are  tabulated  in  Table  I  below 


Yields  of  Crude  Sulfonate  Salts 


Halide 

Reaction 

In  Water 

In  5C‘  Ethanol 

In  Parr 

Pressure  Reactor 

c?3ch2: 

no  reaction 

5r- 

5- 

CF  3CF2CH2 1 

no  reaction 

traces 

S: 

CF3CH2Br 

- 

- 

10'* 

CHFjO  2CH2^r 

5 

5'. 

15' 

CH2FCH2Br 

75 

825 

m 
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Only  2-fluoroethyl  bromide  can  be  used  successfully  as  the  starting 
material  for  the  preparative  synthesis  of  2-fluoroetnanesul fonic  acid  by 
this  retnod.  "he  yields  of  tne  crude  sodium  sulfonate  were  hign,  but  in  the 
preparation  of  the  free  acid  from  the  sodium  salt  only  a  23'.  yield  was  ob¬ 
tained  indicating  that  tne  crude  salts  were  hignly  contaminated. 

2,2,2-Trifluoroethyl  iodide  and  2,2 ,3,3,3-pentafluoropropyl  iodide  did 
net  react  satisfactorily  with  sodium  sulfite.  Very  small  amounts  of  sulfonic 
acid  salts,  containing  sodium  iodide  probably  in  tne  form  of  double  salts, 
were  obtained.  This  mace  impossible  the  conversion  of  the  sodium  sulfonates 
Into  the  free  acids  because  of  the  presence  and  further  reaction  of  hydrogen 
iodide  in  the  acidified  mixture.  2,2,2-Trifluoroethyl  bromide  could  be  used 
in  Strecker's  synthesis  on’y  in  the  Parr  pressure  reaction  because  of  its 
veo'  low  boiling  point  (25°C).  It  seemed  to  react  slightly  better  than  the 
corresponding  iodide. 

2,2,3,3-Tetrafluoropropyl  bromide  gave  better  results  and  a  sample  of 
pure  free  2,2,3,3-tetra*luoropropanesulfonic  acid  could  be  prepared  from  the 
sal  t. 

These  results  indicate  that  Strecker's  method  is  complicated  and  ineffi¬ 
cient  for  synthesis  of  partially  fluorinated  alkanesulfonlc  acids.  Yields 
are  rather  erratic  and  recovery  and  purification  of  the  sulfonate  salts  are 
very  difficult.  Even  in  the  Instance  of  2-fluoroethanesul fonic  acid  the 
overall  yield  (3.4\)  is  unsatisfactory. 


Moiety  i.'ith  Suoseouent  Oxidation  to  A  Sulfonic  Acid 
Nioore  (22),  described  a  very  convenient  method  for  preparation  of 
*luoromethanesulfonyl  chloride  and  di fluoromethanesulfonyl  chloride  from 
chlorofluoromethane  and  chlorodifluoromethane,  respecti velv.  These  com¬ 
pounds  were  reacted  with  the  sodium  salt  of  benzyl  mercaptan  in  dimethyl- 
formamide  to  give  sulfides.  The  sulfide  when  subjected  to  oxidative  chlori¬ 
nation  with  chlorine  in  the  presence  of  water  produced  the  sulfonyl  chloride. 
The  overall  yields  in  both  cases  were  about  50‘.. 

In  our  work,  an  attempt  was  made  to  adapt  this  procedure  to  the  prepara¬ 
tion  of  other  partially  fluorinated  alkanesulfor.ic  acids. 

In  tne  first  experiment,  2-fluoroethyl  bromide  and  2,2,3,3-tetrafluoro- 
prcpyl  bromide  were  reacted  with  the  sodium  salt  of  benzyl  mercaptan;  the 
fields  of  the  corresponding  sulfides  were  76  and  79'  respectively.  We  found 
that  the  bromides  in  this  case  may  be  substituted  by  the  tosylates  of  the 
corresponding  alcohols.  The  yields  were  761  and  75'  respectively. 
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2,2,2-trifluoroethyl  sulfide  and  benzyl  2,2,3,3,3-pentafluoropropyl  sulfide 
were  prepared  only  fron  the  tosylates.  The  yields  were  81  and  32  ,  respec¬ 
tively.  In  the  latter  case,  further  experiments  are  needed  to  improve  the 
yield. 

All  the  sulfides  are  colorless  liquids  of  unpleasant  odor.  Their 
structures  were  confirmed  by  nmr  spectra. 

The  oxidative  chlorination  of  the  sulfides  was  carried  out  in  water  at 
0°C  by  passing  chlorine  above  the  surface  of  the  reaction  mixture.  The 
reaction  is  very  exothermic  and  has  to  be  very  carefully  controlled. 

Cl  2 

CF3CH2SCH2C6H5 -  cf3 ch2so-»ci 

H20 

Ci2 

RfCH2SCH2C6H5  - = -  RfCH2S02Cl  ♦  CgH-CH^f 

Hz° 

h20  ’  Heat 

4 

RfCH2S03H 

Rf  »  fch2-,  chf2cf2-.  cf3cf2- 

The  reaction  product,  containing  sulfonyl  chloride  and  eauimclar  amounts 
of  benzyl  chloride,  was  extracted  with  methylene  chloride,  dried  and  vacuum 
distilled.  2,2,2-Trifluoroethanesulfonyl  chloride  (57r«)  could  be  obtained 
by  this  method  In  pure  form.  2-Fluoroethanesulfonyl  chloride,  2,2,3,3-tetra- 
fluoropropanesulfonyl  chloride  and  2,2,3,3,3-pentafluoropropanesulfonyl 
chloride  could  not  be  separated  from  benzyl  chloride  by  fractional  distilla¬ 
tion  because  of  the  small  difference  In  boiling  points.  They  were  used  for 
tne  next  reaction  as  a  mixture  with  benzyl  chloride. 
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The  hydrolysis  of  the  above  mentioned  sulfonyl  chlorides  were  accom- 
plisned  by  refluxing  2,2,2-tri fluoroethanesulfonyl  chloride  or  the  mixture 
of  other  sulfonyl  chlorides  with  benzyl  chloride  in  water. 


H20 

R*CH?S02C1  — = -  RfCH2S0jH 

Heat 

The  aqueous  solutions  of  the  sulfonic  acids  were  extracted  with  small 
amounts  of  ether  to  remove  the  benzyl  alcohol  and  unreacted  benzyl  chloride, 
evaporated  and  vacuum  distilled.  The  yield  of  2,2,2-trifluoroethanesulfonic 
acid  was  83  .  With  2-fluoroethanesulfonic  acid,  and  2,2,3,3-tetrafluoro- 
propanesulfonic  acid  only  the  overall  yield  starting  from  the  sulfides 
could  be  determined  directly.  They  were  45.  and  54*  respectively. 

Chlorinative  cleavage  of  alkyl  sulfides  to  alkyl  chlorides  and  sul¬ 
fonyl  chlorides  occurs  readily  if  the  alkyl  residue  represents  a  stable 
cation,  e.g.  tienzyl  ( 22 ).  An  attempt  was  made  to  substitute  benzyl  by 
t-butyl  in  the  sulfides.  If  the  reactions  proceeded  in  similarily  good 
manner  the  sulfonyl  chlorioes  could  be  obtained  in  pure  form  and  there 
would  be  no  necessity  to  hydrolyze  sulfonyl  chloride-benzyl  chloride 
mixtures. 


RfCH2OTs  *  (CH3)3CSH 


tlaOH 


DMF 


RfCH2SC(CH3)3 


The  reaction  of  2-fluoroethyl ,  2,2,2,-trifluoroethyl ,  2, 2,3,3- 
tetrafluoropropyl  p-toluenesulfonate  with  the  sodium  salt  of  t-butyl 
mercaptan  proceeded  smoothly  but  gave  lower  yields  (67r.,  55".  and  52*. 
respectively)  even  if  100  excess  of  the  mercaotide  was  used. 

Cl2 


RfCHjSO^l 


RfCH2SC(CH3)3 


Scheme  I 


t 


Preparation  of  2>Fluoroethanesu1fonic  Acid 


* 


CICHzCHaQH 

jso* 

FCHaCHaCH  arCHsCHaOH 

I  555  I  75.45 


Overall  yield  32.45 


12.65 


15.75 


Scheme  II 


Preparation  of  2,2,2-Trlfluoroethanesulfonlc  Acid 


CFaCHaOH 


CFgCHaSCHaCsHs 

5"1 

CFaCHaSOaCl 


1 

CFaCH^a 

1  ^ 

79% 

v^S^SX^ 

CFaCHaBr 

i 

CF3CHaSC(CH3)3 

6 IX 

* 

CF  aCHaSCsNa 

CFaCHaSOaCl 

CF3CH2SO3H 


Overall  yield  34X 


12% 


Preparation  of  2,2,3,3-Tetrafluoropropanesulfonic  Acid 


(crude  product) 


Overall  yield  33.65 
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CONCLUSIONS 

The  results  obtained  enable  us  to  formulate  the  following  conclusions: 

1.  Low  molecular  weight  partially  fluorinated  altanesulfonic  acids  con¬ 
taining  i-methylene  groups  can  be  prepared  in  reasonable  yields  from  the 
p-toluenesulfonates  o'  the  corresponding  alconols,  via  a  reaction  with  benzyl 
mercaptan,  'ol lowed  by  an  oxidative  chlorination  of  tne  resulting  sul'ides, 
with  subsequent  hyorolysis  of  the  sulfonyl  chlorice  formed. 

2.  The  reaction  of  partially  fluorinated  alkyl  halides  with  sodium 
sulfite  (Streeter’s  Method)  proved  to  be  inefficient  (very  low  yields)  and 
unrealiable.  The  sul'onate  salts  formed  are  difficult  to  recover  and  purify. 

3.  Addition  of  sodium  bisulfite  to  fluorinated  olefins  was  found  to  be 
effective  when  tne  olefin  was  charged  into  the  reaction  vessel  in  liouified 
form.  The  reaction  needs  'urther  study  and  investigation  for  ethylene 
derivatives. 
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